Abstract. The 3-nucleon force at N 3 LO in the chiral effective field theory is briefly reviewed. The two-pion-one-pion-exchange 3-nucleon force are decomposed in partial waves.
INTRODUCTION
Three-nucleon forces (3NF) are present in the systems with more than three nucleons. Since Fujita-Miyazawa [1] first introduced a 3NF, various 3NF models have been developed, for example, Tucson-Melbourne [2, 3] , Brazil [4, 5] , Urbana [6] , Texas [7] , RuhrPot [8] etc. These meson-theoretical models are based on the ideas of the Delta isobar excitation, axial current algebra, chiral perturbation theory.
Recently not only for the 3-nucleon bound state but also for 3-nucleon scattering we have been able to control the Faddeev equation with these 3NFs and compared with precise experimental data [9, 10, 11, 12, 13] . In the low energy region where we do not expect a strong action of a 3NF we succeeded [14, 15] to explain the data except for some observables. The typical exceptions are A y [16, 17] of Nd elastic scattering at very low energy and the differential cross section of the space-star [18, 19] breakup configuration. In order to remove the discrepancies between our theory and expermental data, we solved the Faddeev equation with 3NF of 2-π exchange type (FujitaMiyazawa, Tucson-Melbourne and Urbana), however, without success. Still, since the Sagara discrepancy [20, 21, 22] was to a large extent explained by the inclusion of a 3NF, it has become clear that this ingredient of the 3N Hamiltonian might play an important role. Namely, the minimum of the Nd differential cross section at intermediate energies is explained by incorporating the 2-π exchange Tucson-Melbourne 3NF. However, at intermediate energy many observables [23, 24, 25, 26] emerge where the theoretical prediction including only 2-π exchange 3NF is poor. The effects of relativity have been investigated [13] but it is shown that relativity makes only a tiny effect in elastic Nd scattering. For the relativistic calculation of Nd scattering see [27, 28] H. Witała in this conference. Because of this situation we are motivated to study another type of 3NF. The Tucson-Melbourne 3NF has other pieces which contain diagrams where additional mesons propagate and there are irreducible diagrams of double isobar excitation etc. These new 3NFs are investigated in the triton [29] . The Illinois 3NF [30] is also extended by the idea of irreducible diagrams of double isobar excitation and relativistic correction. The 2-π exchange 3NF has recently been considered based on the so-called infrared regularization [31] .
The 3NF in chiral effective field theory has been developed in [32, 33] . The power ν of Q ν , where Q is a typical external momentum in the diagram determines the order of the chiral potentials. Higher orders are required with increasing energy. Up to the next leading order (NLO) there is no 3NF under the nonrelativistic approximation. The 3NF of Fujita-Miyazawa type first appears in next to next leading order (NNLO). There are in addition 2 terms of a new 3NF at NNLO which link to new low-energy-coefficients (LEC) of the chiral Lagrangian. These LECs are fixed by the nd doublet scattering length [32] and the nuclei binding energies [34, 35] .
The structure of the 3NF at N 3 LO [33] is visualized in Fig. 1 and can be written as
Namely, they consist of (a) two-pion-exchange, (b) two-pion-one-pion-exchange, (c) ring diagram, (d) one-pion-exchange-contact topologies, (e) two-pion-exchange-contact contribution and 1/m correction terms. The terms of V 2π , V 2π−1π and V ring are the longrange parts because these topologies consist of only pion propagating with LEC (c i and g A ). Partial wave decomposition for V 2π and V 1π−cont at NNLO was already given in [36, 37, 32] . In the next section we show details of the V 2π−1π 3NF at N 3 LO.
TWO-PION-ONE-PION EXCHANGE 3NF
The 2π-1π 3NF corresponding to topology (b) in Fig. 1 can be written [33] :
Two diagrams of two-pion-one-pion-exchange 3NF (V 2π−1π and V mirror 2π−1π ). The particle label is changed as [36] . Pion propagating of the diagram (b') turns over to (b).
where we take a notation of [36] from [33] . Namely, permutation (i jk) [36] = (312), (i jk) [33] = (123) and, [33] and the subscripts refer to the nucleon labels and q i = k ′ i − k i being the final and initial momenta of the nucleon i. The scalar function F 1...8 are combinations of the LEC's:
with the loop function
Further in this paper the results are always given for one particular choice of nucleon labels. Using the permutation operator P = P 12 P 23 + P 13 P 23 the full expression results:
The second term V mirror 2π−1π corresponds to the reverse diagram (b ′ ) in Fig.2 .
PARTIAL WAVE DECOMPOSITION
We need the matrix elements of the 3NF in a partial wave basis |pqα i , where p and q are Jacobi momenta ( p is the relative momenta between particle j and k, and q is the momentum of particle i relative to the pair j − k) and α denotes discrete quantum numbers. In detail the partial wave is
where l, s, and j are orbital angular momentum, spin, and total angular momentum in the two-body subsystem 2-3, λ , 1 2 , and I are the corresponding quantities for particle 1, and JM denote the conserved 3N total angular momentum and its magnetic quantum number. In isospin space, t refers to particle 2 and 3 and couples with 1 2 to total isospin T and its magnetic quantum number M T .
Following the scheme of [36] we calculate the partial wave elements of the 3NF as
and
where the label n of w (n) 2π−1π corresponds to the number of the scalar function F n in Eq. (3) and the isospin parts 2 α ′′ T |I (n) |α ′ T 3 are given in Eqs (33) and (34) in [36] . In Eq. (8) we introduced intermediate sums ∑ 1 and ∑ 2 , where the related quantities carry the indices 1 and 2. Note that the label numbers 1 and 2 of the variables p 1 p 2 q 1 q 2 α 1 α 2 are not connected to a particle number. The particle number i is usually implicitly controlled by i | and | i e.g. |p 3 = p "3" . Therefore, the momenta Q and Q ′ in Eq. (2) have the relations:
Now 1 , our aim is to have the matrix elements 2 pqα J |w
2 pqα J |w
The result of (11) is the same as in Eq. (73) of [36] but F 2 (Q ′ 2 ) = 1.
(2)
The result of (13) is the same as in Eq. (57) of [36] but F 2 (Q ′ 2 ) = 1.
3 p 2 q 2 α 2J |w
The result of (15) is the same as in Eq. (A.16) of [37] but
The result of (16) as in Eq. (72) of [36] but
The result of Eq. (17) 
